


















, Ga(l, l/a) .
, $Ga(r.1/a)$ , $r=2$ Ano(2000),
$r$ Kurushima and Ano(2002) .
(2000) .




and Tamaki(1992) . , , (2003)
Ga(r, l/a) r=2 . r=3
, r=4 OLA .
2
$Ga(r, 1/a)$ , ,
. T .






intensity $\lambda$ , $Ga(r, 1/a),$ $r$ , $a>0$
. $\{N(t)\}_{t\geq 0}$ $\tau_{1},$ $\tau_{2},$ $\cdots$ . , $\lambda$
$g( \lambda)=\frac{a^{r}}{\Gamma(r)}e^{-a\lambda}\lambda^{r-1}I(\lambda\geq 0)$ . (1)
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, , $\tau_{1}=s_{1},$ $\cdots$ , $\tau_{1}=.\mathrm{s}$ $N(T)$
.
1 $\tau_{1}=s_{1},$ $\cdots.\tau_{i}=s$ $(_{\backslash }T)$ $\tau_{i}$ $i$ ,
$r+i,$ $(s+a)/(T+a)$ ,





$\frac{(n+r-1)!}{n}=(r-1)!\sum^{\prime\cdot-1}\frac{(n+j-1)!}{j!},$ $r=1,2,$ $\cdots$ (3)
$j=0$
, $Ga(r, 1/a)$ $U_{i}^{\langle r\rangle}(s)$
$b^{r(\prime\cdot)}.\cdot(s)$






















$G!^{r)}(s) \equiv U_{i}^{(f\rangle}(s)-l^{T-\iota}\sum_{k\geq 1}p_{(|\epsilon)}^{(k_{\mathrm{t}}u)}.,U_{1+k}^{(r)}.(s+u)du$ (8)
, OLA $B,$. $B_{r}=\{(i, s) : G_{1}^{(r)}(s)\geq 0\}$ . $(i, s)$
$s\in(0,T]$ : , .
$G_{i}^{\{r)}(s)\geq 0$ , $G_{j+k}^{(r\rangle}(s+u)\geq 0,$ $k=0,1,2,$ $\ldots,$ $u\in(\mathrm{O},T-s|$ ,
, $P((i+k,s+u)\in B_{r}|(i,s)\in B_{r})=1$ , $B_{r}$ “Cloeed” , $B_{r}$
, OLA \tau =min{0<s\leq T:(i, s)\epsilon B,}
(Ross$(1970)$ (2000) 3 ).
$H_{1}^{(r\rangle}.(s) \equiv\frac{(i+r-1)!}{i!(r-1\rangle!}\frac{T+a}{s+a}G_{i}^{(r)}(s)$
, $B_{r}$
$B_{r}=\{(i,\epsilon) : H_{j}^{(r)}(s)\geq 0\}$
. $H_{*}^{(r)}.(s)$ $\theta=(s+a)/(T+a)$ ,
$H_{:}^{\langle r)}(s)$ $=$ $\sum_{j=0}^{r-1}\theta^{r-j-1}(1+\ln\theta)$
$+ \sum_{j=1}^{r-1j}\sum_{l=0}^{-1}\frac{1}{j-l}(\theta^{\mathrm{r}-l-1}-\theta^{r-\mathrm{j}-1})$ (9)
.





(i) $H_{\dot{\iota}}^{(r\rangle}(s)$ $s$ .
( ) $H_{:}^{(r)}(s)\geq 0$ , $H_{\dot{\iota}+1}^{(r)}(s)\geq 0,$ $i=1,2,$ $\ldots$ .
(iii) $s_{i}^{(r\rangle*}l\mathrm{Z}i$ .
.
1 $\lambda$ $Ga(r, 1/a),$ $r$ , $a>0$
, $s^{(r)*}|$. , . ,
$\tau_{r}^{*}$
$\tau_{r}^{l}=\min\{s_{1}$. $\in[s_{1}^{(r)*},\cdot.T] : X_{i}=1\}$ .
$s_{i}^{(r)*}|\mathrm{h}H_{i}^{(r)}(s\rangle$ $=0$ . ,
$\sum_{j=0}^{r-1}\theta^{-j-1}’.(1+\ln\theta)+\sum_{j=1}^{r-1}\sum_{l=0}^{\mathrm{j}-1}\frac{1}{j-l}(\theta^{r-1-1}-\theta^{r-j-1})=0$ ,









$W_{;}^{(r,m)}(s)$ $m$ , $s,0<s\leq T$ $i$
, . $U_{*}^{(r,m)}.(s)(V_{:}^{(r,m)}(s))$





$G_{j}^{(r,m)}(s)$ $=$ $U^{(\tau,m)}. \cdot(s)-\int_{0}^{T-*}\sum_{k\geq 1}\mathrm{p}_{(\dot{\tau}..)}^{(k,u)}U_{\dot{*}+k}^{(r,m)}(\epsilon+u)du$
$=$ $G_{i}^{(r.1)}(s)+ \int_{0}^{T-*}\sum_{k\geq 1}p_{(i,*)}^{(k_{:}u)}(W_{;+k}^{\langle r,m-1)}(s+u)-V_{1+k}^{(\tau.m-1)}(s+u))du$ (11)
$H_{1}^{(f1)}.’(s) \equiv\frac{(i+r-1)!}{i!(\mathrm{r}-1)!}\frac{T+a}{s+a},$ $G_{i}^{(f}$
”$(s)$
, $m=2$ . $\wedge\forall_{\iota^{(r,1)}:}^{\mathrm{t}r,1)}$. , s+u\geq s .
$\dagger 4_{i+k}^{\gamma()},:(s+u)=$ $U_{1+k}^{(r,1)}(s+\mathrm{u})$ ,
$V_{i}^{(r_{k}1)} \dotplus’(s+u)=\int_{0}^{T-}’\sum_{l\geq 1}\mathrm{p}_{(i,.)}^{(k.u)}U_{1+k\dotplus\iota^{(s+u)du}}^{(r,1)}$.
,
$\mathrm{t}V_{1+k}^{(r,1)}(s+u)-V_{:+k}^{(r,1)}(s+u)$ $=$ $G_{i+k}^{(r,1)}(s+u)I(s+u\geq s_{i+k}^{(r,1)*})$
$=$ $\frac{(i+k)!(r1)!}{(i+k+r1)!}.=\frac{s+u+a}{T+a}H_{1+k}^{(r,1\rangle}.(s+u)I(s+u\geq\ell_{j}^{(:_{k}^{1)*}).-}$
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$+ \frac{(i+r-1)!}{i!(\mathrm{r}-1)!}\frac{T+a}{s+a}\int_{0}^{T-\epsilon}\sum_{k\geq 1}.p_{\langle i,s)}^{(k,u)}\frac{s+u+a}{s+a}H_{i+k}^{(r,1)}(s+u)I(s+u\geq s_{i}^{(r1)}\dotplus_{k}\cdot)du(12)$
1, 2 $[ \frac{T+a}{\mathrm{e}}-a]^{+}\leq\cdots\leq s_{1\dotplus_{k}}^{(r1)}.’\leq\cdots\leq s_{j}^{(r1)*}\dotplus_{2}\leq s_{1\dotplus_{1}}^{(_{f}1\rangle*}$. , $s\geq s_{1\dotplus_{1}^{1)*}}^{(\prime}.\cdot$ ,





$H_{1}^{(r,2)}.(s)\geq 0\Rightarrow H_{i+k}^{(r_{1}2)}(s+u)\geq 0,$ $u\in(\mathrm{O}, T-s].k=1,2,$ $\cdots$. $H_{i}^{(r,2)}(s)\geq H_{i}^{(r_{:}1)}(s\rangle$. $H_{i}^{(r,2)}(s)\geq 0\Rightarrow H_{i}^{(r2)}\dotplus_{1}(s\rangle\geq 0$. $H_{i}^{\langle r,2)}(s)\geq 0\Rightarrow H_{i}^{\{\prime\cdot,2)}(s+u)\geq 0$
$u$ $H_{i+k}^{(r,1)}(s+u)\geq 0$ , 2 . ,
$H_{i}^{(r_{1}2)}(s)\geq H_{i}^{(r,1)}(s)$ .
(13) $s$ , 2 3
. , , OLA i
, , i , .
4
, intensity $\lambda$ $Ga(r.1/a),$ ’
.
164
$s$ , y $(s)$
,


















, $(s+a\mathrm{I},/(T+a)=\theta$ , $H_{i}^{(r)}(s)\equiv h!^{r)}’(\theta)$ ,




1. $\theta<1/e^{2}$ , $h_{\mathrm{i}}^{\langle’\rangle}(\theta)<0$ .
2. $\theta>1/e$ . $h_{i}^{(r)}.(\theta)\geq 0$
3. $\theta<1/e$ , $h.!^{r)}.(\theta)$ $\theta$ .
3 $h_{1}^{(r)}(\theta)\equiv H_{\dot{\iota}}^{(f)}(s)\geq 0\Rightarrow h_{2}^{(r)}(\theta+\emptyset)\equiv H_{i}^{\langle f)}(\epsilon+u)\geq 0$,
$0<u\equiv(T+a\rangle$$\phi\leq T-s$ .
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1. $h_{i+1}^{(2)}(\theta)=0$ , $h_{\mathrm{i}}^{(S)}(\theta\rangle$ $<0$ .
2. 1. $r=2\text{ }!^{3)}.(\theta)$ $\theta$ $h_{i}^{(\theta\rangle}(\theta)>0$ ,
$h_{i+1}^{(2)}(\theta)>0$ .
2 , $h_{i}^{(8)}(\theta)>0$ , $h_{j+1}^{(\theta)}(\theta)>0$ . , OLA
$i$ , $\text{ _{}1}^{(3)}.(\theta)\equiv H_{1}^{(3)}.(s)\geq 0\Rightarrow h_{i+1}^{(l)}(\theta)\equiv H^{(3)}:+1(s)\geq 0,$ $|=1,2,$ $\ldots$
.
, $r=3$ . , OLA
$h_{i}^{(3)}(\theta)$ $=$ $- \frac{(i+1)i}{2}\ln\theta(1+\frac{1}{2}\ln\theta)+\frac{1}{2}\ln\theta(1-\theta^{2})$
$+|.(1-\theta)(1+\ln\theta)+\theta-\theta^{2}$ (14)
, OLA . ,
, .
4
(i) $H_{i}^{(S)}(s)\geq 0\Rightarrow H_{j+1}^{(\theta)}(s)\geq 00<u\leq T-s$.
(ii) $H_{i}^{(S)}(s)\geq 0\Rightarrow H_{1}^{(3)}.(s+u)\geq 0.i’=1,2,\ldots$ .
4 , .






– . , $X_{i}$ $i$ .
(i)
$H_{1}^{(S)}.(s)\geq 0\Rightarrow H_{*+1}^{(3)}.(s)\geq 0$.
, (ii)
$H_{i}^{(3)}(s)\geq 0\Rightarrow H_{i}^{(rangle}(s+\mathrm{u})\geq 0$.
,
$H_{j}^{(3\rangle}(s)\geq 0\Rightarrow H_{j+k}^{(3)}(s+u)\geq 0$
. , OLA $B\epsilon$ closed ,
. , B3 r8thitting time ,
$\tau_{3}^{*}=\min\{s\geq s^{(}; :(i, s)\in B_{\}\}=\min[s\in[s_{i}^{(3)t},T]:X_{j}=1\}$ .
$\blacksquare$
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